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Abstract 
Large numbers of spectrum sensing techniques have been introduced to detect the presence of primary users. Though each 
technique has its own advantages and disadvantages, the disadvantages associated with one leads to the development of 
the others. A two stage detector for spectrum sensing can be used to overcome the limitations of a single stage detection 
technique and to combine the advantages offered by the individual methods. However, a two stage spectrum sensing 
technique increases the time taken for sensing a spectrum. In this paper, a novel method is proposed that effectively 
decreases the time taken for sensing the spectrum whereas meeting the required detection capabilities. Simulation results 
have been used to show that the proposed method leads to larger savings in time compared to the already available two 
stage detection method for spectrum sensing. 
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1. Introduction 
The major challenge in wireless communication scenario is that the spectrum is getting crowded day by 
day. Further the allocated spectrum is found to be significantly underutilized. In order to facilitate 
opportunistic utilization of the available spectrum Cognitive Radio (CR) concept has been introduced [1]. 
Cognitive Radio is characterized by the fact that it can adapt to the environment by changing its parameters, 
such as frequency, modulation, format etc. Spectrum reuse is one of the major application of cognitive radio, 
in which the secondary users use the primary users licensed spectrum when they are not active [2].Spectrum 
sensing is one of the most important tasks that a Cognitive User (CU) has to perform in order to use the 
spectrum efficiently. Energy Detection (ED)[3] method is one of the easiest and simplest spectrum sensing 
method that does not require the information of the primary user (PU) signal but it cannot work efficiently in 
high noise floor as the threshold used in this technique depends very much on the environmental noise. The 
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ED tends to reach a signal to noise (SNR) wall which restricts the detection capabilities [4]. The performance 
of ED in low SNR is highly unreliable.  
On the other hand Covariance Absolute Value (CAV) algorithm [5] is found to be robust in high noise 
environment. CAV method is based on the difference in correlation of the received signal and noise. This 
method also does not require any knowledge about the PU signal. The complexity of CAV is much greater 
than ED but the accuracy is very high. One of the serious disadvantage of CAV method is its sensitivity to 
signal correlation. There are other techniques like matched filtering, cyclostationary method, radio 
identification method, waveform based sensing etc, which have its own advantages and disadvantages [6], [7]. 
Thus it can be said that no technique is perfectly suitable for cognitive radio and hence it would be better to 
combine two or more methods so as to overcome the limitations of each and combine the advantages of all 
[8]. A two stage technique for dynamic spectrum access is explained in [9]. Such a technique can help in 
building algorithms which meet the target probability of detection, target probability of false alarm and low 
sensing times even at low SNR conditions. Here a two stage spectrum sensing technique is proposed which 
consists of a coarse and a fine sensing stage. For the coarse sensing stage, a simple detector such as Energy 
Detector is used and then a more complex and accurate detector such as Covariance Absolute Value Detector 
is used for fine sensing stage. In the coarse sensing stage, the possible empty channels among the total 
channels are located. The fine sensing stage is activated to decide whether the channel is confidently empty or 
the primary user is present. 
In this paper, the performance characteristics and detection time requirement of the two stage detector is 
studied. Here an alternative implementation of the two stage detector is proposed which helps in substantial 
reduction in time required to sense the spectrum while maintaining the required probability of detection (Pd) 
and probability of false alarm (Pfa) of CR devices. 
The paper is organized as follows. The second section describes the already existing two stage detector for 
spectrum sensing. The third section describes the proposed novel two stage detector. The fourth section 
presents the simulation results. Conclusions are drawn in section five. 
  2. Two stage detection method for spectrum sensing  
 
Basically the purpose of spectrum sensing is to distinguish between two states: signals presence and 
absence. Two hypothesis of the received signal are then posed: 
 
  H : x(n) = (n)0     i.e., signal does not exist 
 H : x(n) = s(n)+ (n)1   i.e., signal exists 
 
where s(n) is the transmitted signal samples that are passed through a wireless channel consisting of 
fading, losses etc.; and (n)  is the white noise which is i.i.d., having zero mean and variance 2 .   
In general two stage detector, the first stage is an ED followed by a second stage which is CAV. An ED is 
chosen for the first stage because of its simplicity. The second stage detection can be any of the techniques 
like cyclostationary detector [10], eigen value based detector [11] etc. CAV is used in the second stage. The 
ED computes the total energy T1 and compares it with the threshold 1. If T1 is greater than 1 the spectrum 
band under consideration is occupied. On the other hand, if T1 is less than 2 the second stage analysis is done 
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using more complex algorithm like CAV. In the second stage the test static T2 is compared with the threshold 
2 and the decision is made accordingly. It is evident that the performance of CAV is always greater than the 
ED. Fig. 1(a) shows the probability of detection of both the algorithms. It is clear that the second stage that is 
used to improve the performance efficiency comes at the cost of high sensing time. Fig. 1(b) shows the plot of 
Probability of detection (Pd) versus Probability of false alarm (Pfa) for different Signal to Noise ratios of 
general two stage detection algorithm.                                   
                       
(a)     (b)                         
 
Fig. 1 (a)Pd versus SNR of ED and CAV; (b) Pd versus Pfa of general two stage detector 
  
However the penalty of this increased detection performance is the increased time taken to get the desired 
result. Fig.2 shows the plot of mean detection time for the two stage spectrum detector for different values of 
number of samples, Ns. It is clearly shown that the detection time increases for low SNR values. The 
detection time also increases with increased value of Ns. 
 
 
Fig. 2 Mean detection time versus SNR of general two stage detector 
  
It can be shown that the probability of activating (Psec) the second stage of a general two stage detector can 
be given by  
 
P = P(H )(1 - P )+ P(H )(1 - P )sec 0 1faED dED      (1) 
 
where P(H0) is the probability of channel being vacant and P(H1) is the probability of channel being 
occupied by a primary user. PfaED and PdED is the target probability of false alarm and probability of detection 
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of the first stage i.e., Energy Detector respectively. PfaED and PdED of ED is assumed to be 10% and 90% 
respectively. If 1 is the time taken for the first stage i.e., ED and 2 is the time taken for the second stage i.e., 
CAV, then the total time (Ttot) taken for the general two stage detector is given by  
 
 T = + P *sectot 1 2          (2) 
 
A close look of Fig.2 reveals that the detection time performance of the two stage detector has to be 
improved at lower signal to noise ratios.  Therefore activating the second stage without considering the signal 
to noise ratio leads to unnecessary increase in the detection time. This disadvantage of the two stage detector 
can be modified and this modification is explained in the next section. 
 
3. Modified two stage method for spectrum sensing 
 
In the modified method the second stage of detector will be activated only if SNR is above a certain 
specified value. Here the detection performance of the two stage detector is not affected but the detection time 
is significantly reduced. 
 
3.1 Coarse Sensing 
 
In the coarse sensing stage an energy detector [3] is used which searches every channel in the band. The 
energy detector calculates the energy of all Ns samples of the received signal and compares it with the 
threshold 1 to decide whether the primary user is present or not. If the primary user is absent then the fine 
sensing stage is activated to check the existence of the primary user. 
 
The signal to noise ratio  can be given as  
2
s
2=
            (3)  
The test static of the ED is given by 
 
 
Ns1 2T1 = | X[n] |
1Ns
        (4) 
 
The mean and variance of the test static of ED is given by 
2=0            (5) 
2 
=0 Ns
         (6) 
 = 1+1 0          (7) 
= 2 +11 0         (8) 
 
The threshold of first stage can be given by 
 -11 = Q P +0 0faED        (9) 
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The PfaED  and PdED  of ED is given by 
 
1 - 0P = QfaED
0
        (10) 
 
1 - 1P = QdED
1
        (11) 
where Q(x)  is the complementary distribution function and is given by  
 
2u-1 2Q(x) = e du
x2
        (12) 
 
3.2 Fine Sensing 
 
In fine sensing stage a CAV detector [5] is used. After identifying the possible empty bands using coarse 
sensing stage, the fine sensing stage is activated to make sure that the primary user is confidently absent. In 
the CAV detector, consecutive L (smoothening factor) samples are considered and the statistical covariance 
matrices of the received signal and noise are calculated as 
 
T= E[x(n)x (n)]xR         (13) 
T= E[s(n)s (n)]sR         (14) 
 
and it can be verified that 
 
 2= +x sR R IL         (15) 
 
If signal is absent, Rs = 0 and only diagonal elements are non zero and if signal is present, Rs  0 and some of 
the off-diagonal elements are non zero. Each element of the matrix Rx can be obtained by taking the 
autocorrelation of the received samples and it can be defined as  
 
 
Ns-11
(l) = x(m)x(m - l)
m=0Ns
 ,                    l = 0,1,...,L - 1     (16) 
 
The threshold for CAV detection method is  
 
2
1+(L - 1)
Ns2 =
2-11 - Q (P )fa Ns
        (17) 
 
The test static for CAV, T2   can be obtained by taking the ratio of K (Ns)1  and K (Ns)2  where  
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L-12
K (Ns) = (0)+ (L - l) | (l) |1 l=1L
       (18) 
 K (Ns) = (0)2          (19) 
 
3.3 Proposed method for two stage detector 
 
Flowchart for the general two stage detector is shown in Fig. 3(a). The proposed modified method for two 
stage detector which reduces the mean detection time is shown in Fig. 3(b). In this modified method, the first 
stage i.e., ED calculate the energy of the received signal and compares it with the threshold 1. If the energy is 
found to be greater than the threshold, then primary user is detected. If the energy is found to be less than 
threshold, instead of going to the second stage, the detector computes the SNR of the device. The estimated 
SNR,  is compared with the theoretical value c. If  is found to be greater than c, then the result showed by 
ED is correct i.e., primary user is absent. If  is less than c, then the second stage i.e., CAV will be activated. 
In this stage, the test static T2 is calculated and compared with the threshold 2. If T2 is found to be greater 
than 2, then the existence of primary user is confirmed or else channel is absent. 
 
The theoretical SNR is given by 
 
dED
-1 -12(Q (P ) - Q (P ))
faEDc =
Ns
      (20) 
 
(a)                            (b)              
  
Fig. 3 (a) General two stage detector; (b) Modified method for two stage detector 
  
The advantage of this modified method is that, the second stage of the detector will not be activated 
always and hence the detection time will be reduced substantially. The second stage will be activated only at 
low SNR where the noise in the device environment is very high. The ED will work with very high accuracy 
at high SNR values and with low complexity and very less detection time. If the SNR is very low, then ED 
will fail to operate correctly and the second stage will be activated. Even though the complexity of CAV is 
high, accuracy of this detector is very high at low SNR values. One of the disadvantage of CAV detector is 
that, it will not detect uncorrelated signal [5] even at high SNR values. If signal is uncorrelated, ED will 
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identify the presence at high SNR values. So irrespective of correlation strength, this method will detect the 
presence of the signal and the detection time will be very much less compared to the general two stage 
detector. 
 
4. Simulation and Discussion 
  
Here a two stage detector with ED in first stage and CAV in the second stage is chosen. The focus is 
mainly on when to activate the second stage. The test signal is QPSK signal. The probability of false alarm is 
set as 0.1. Fig. 4 shows the comparison of mean detection times of a general two stage detector and modified 
novel two stage detector at Ns = 50000 with respect to SNR. From the Fig. 4 it is clear that the detection time 
for the modified two stage detector is very much less compared to the general detector at low signal to noise 
ratios. The detection times for both the detectors are almost same at high SNR values. This clearly shows that 
the novel two stage detector is highly speed efficient at low SNRs. 
 
The reduction in time can be given as 
 
 2 sec
2 sec 1
*
*novel
PT
P
        (21) 
 
 
Fig.4 comparison of detection times for general two stage detector and modified two stage detector 
 
(a) (b)  
Fig. 5 (a) Detection time versus SNR for different values of Ns (Pfa = 0.1); (b) Pd versus SNR for different values of Ns 
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Fig. 5(a) shows a comparison of mean detection time of the novel detector at various values of Ns. From 
the Fig. 5(a) it is clear that the detection time increases with the value of Ns. But the detection time will be 
less than the general detector at low SNR values. 
 
As shown in Fig. 5(b) the reduction in time will not adversely affect the probability of detection thus 
meeting the required target of cognitive radio devices. That is because when  is greater than c, the ED stage 
is only required to attain the needed Pd for a specific value of Pfa and thus the CAV stage need not be 
considered for evaluation. Fig. 5(b) shows the plot of Probability of detection versus SNR at different values 
of Ns. It is clearly shown that the Pd increases with increased value of Ns. It can be stated that, for fixed SNR 
value, Pd approaches to 1 when Ns approaches to infinity. It is also clearly shown that the probability of 
detection is high at low signal to noise ratio and as the SNR decreases probability of detection also decreases. 
 
In terms of computational complexity, the ED needs Ns multiplications and additions. Computational 
complexity of CAV is about L times that of the ED. The computational complexity of the modified two stage 
method will be equal to that of ED at high SNR values. 
 
5. Conclusion 
 
In this paper, a novel two stage detector for spectrum sensing has been proposed. It is known that the two 
stage detector offers better performance compared to single stage detector because it combines the advantages 
of individual states. However the time taken for a two stage detector is higher than single stage detector 
because of the complexities of second stage. Here a modification has been proposed where the second stage is 
activated by using the information of the SNR of the device. Thus a modified two stage detector is introduced 
which meets the required target probability of detection as well as reduced detection time and reduced 
computational complexity compared to general two stage detector. Simulation results are used to prove the 
reduction in detection time for this modified method. This proposed modification can be utilized for any two 
stage detector and is not specifically restricted to Energy detector-Covariance Absolute Value detector.  
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